INTRODUCTION
H su hi E REBa 2 Cu 3 O 7 (RE123; RE = rare earth including Y) perconducting systems are promising materials for gh-field power applications at high temperatures, advantageous for the synthesis of superconducting bulks and also tape and wire conductors. The systems, where RE represents the so-called light rare-earth elements (LRE) like La, Nd, Sm, Eu, are particularly interesting. It is well known that in the LRE-123 systems, the LRE 3+ ions can occupy the Ba 2+ sites because the ion radius of the elements is nearest to the ion radius of the Ba ion. It was reported that the increasing occupation of Ba 2+ sites resulted in a deterioration of superconducting properties, e.g. critical transition temperature, T c , mainly at high LRE-Ba substitution levels [1] [2] [3] [4] [5] [6] . It is also known that synthesis at reduced oxygen partial pressures or addition of Ba-excess (in the form of such precursors as BaO, BaO 2 , BaCuO x etc.) can effectively suppress the substitution and therefore the formation of solid solutions of the LRE 1+x Ba 2-x Cu 3 O y type. On the other hand, for the melt-textured samples or single crystals, local composition fluctuations, known as nanoclusters, were observed, consisting of the LRE 1+x Ba 2-x Cu 3 O y phase. The 10-50 nm dimension nanoclusters may work as highly effective pinning centres at higher magnetic fields, [7] [8] [9] . Oh et al. [10] reported that higher critical current densities, j c , of Sm-Ba-Cu-O coated conductors were obtained in the Sm-rich, Ba-poor and Cu-rich composition regions, as compared to the stoichiometric region. Moreover, for PLD YBCO films, it was also reported that additions of rare earths in excess were effective in improving j c by producing nanoparticulate pinning centres [11] [12] [13] . Thus, a detailed study of non-stoichiometry in LRE-Ba-Cu-O compounds is important for the progress in the development of single-domain bulks or in the second generation coated conductors based on LRE-Ba-Cu-O high T c superconductors. It is interesting to study nonstoichiometry in LRE 1+x Ba 2-x Cu 3 O 7+δ systems, namely in the range of slight composition deviations. Moreover, no systematic study of the systems has been performed yet and it should be noted that their properties are strongly dependent on technological procedure parameters.
There are several results of a study of non-stoichiometry in Sm 1+x Ba 2-x Cu 3 O y systems, however, most of them focused on higher composition ranges of x [6, 14, 15] . Sometimes, discrepant results were obtained, as in the case of orthorhombic-tetragonal phase transition [14, 15] , but it may have been due to different processing conditions. Nevertheless, a decrease of T c and increase of the room temperature resistivity with an increasing deviation were usually observed, especially at higher substitution level of x.
In our former work [16] , we studied slight nonstoichiometric bulk sintered samples of Eu 1+x Ba 2-x Cu 3 O 7+δ , and Eu 1-x Ba 2+x Cu 3 O 7+δ samples for 0 ≤ x ≤ 0.1. In this work, we prepared two series of slight non-stoichiometric bulk samples of Sm 1+x Ba 2-x Cu 3 O 7+δ , (A) and Sm 1-x Ba 2+x Cu 3 O 7+δ , (B), respectively, and investigated composition deviation effects on their superconducting, structural, and mainly magnetic properties.
EXPERIMENTAL
Samples of the A and B series, where x = 0, 0.01, 0.02, 0.04, 0.05, 0.07 and 0.1 were prepared by a standard solidstate reaction method using commercial high-purity oxide powders of Sm 2 O 3 (99.99 %), CuO (99.99 %), and BaCO 3 (99.99 %). Prior to weighing and mixing, the Sm 2 O 3 powder was preannealed at 1100 °C for more than 5 h in air to release contaminations, e.g. moisture. Here it would be appropriate to say that some useful information about the thermal decomposition behaviour properties and the role of other BaCO 3 and CuO precursors can be obtained, e.g. [17] . Thereafter, the powders were carefully weighed in appropriate weight amounts, manually homogenized in acetone in an agate mortar for five minutes, put into alumina T crucibles and calcined at 930 °C for 40 hours in air. The obtained precursors were again homogenized, pressed into pellets (with the diameter of 12 mm) and sintered in a horizontal tube furnace in flowing oxygen (10 ml/min) at about 1060°C for 72 h, then cooled to 520°C and held at this temperature for 24 h, and thereafter cooled in the furnace to room temperature. Several A and B series were repeatedly prepared in the same thermal cycle. In this paper, some characteristic results are reported. The critical temperature, T c (R = 0), of the samples was determined by a standard resistance four-point method and the transition width, ∆T c , was characterized by the 10-90 % criterion. The distance of the voltage contact points of all samples was approximately the same. The temperature measurement uncertainty was less than 0.2 K. The phase composition was studied by Xray diffraction measurements (CuKα radiation). AC and virgin volume magnetization characteristics were measured by a compensation method using the second-order SQUID gradiometer [18] . All magnetization characteristics of the samples were measured at ~77 K after zero-field cooling. The applied magnetic field, H a , was parallel to the sample axis. The first penetration magnetic field, H pl , characterizing the intergrain weak link network, was determined as a value of the applied field corresponding to deflection of the linear behavior of the virgin magnetization curves in the region of the full Meissner shielding of the entire sample corrected to the demagnetizing factor determined from the sample geometry.
RESULTS AND DISCUSSION
From the X-ray diffraction data, we can conclude that all samples in A and B groups are single-phase. It was impossible to identify any impurity phase within the limit of the resolution. The XRD patterns of some samples of Sm 1+x Ba 2-x Cu 3 O y series are shown in Fig.1 . The non-stoichiometry of A and B samples has no significant effect on resistance, R, vs. temperature, T, dependences in the studied range, Changes of T c and ∆T c vs. x are shown in Fig. 3 and Fig. 4 , respectively. While T c of the Sm 1-x Ba 2+x Cu 3 O 7+δ samples changes only slightly, T c of the A samples decreases notably, when x increases. However, it is still higher than 90 K. The results are consistent with the observed increase in the oxygen content, if LRE 3+ ions substitute Ba 2+ ions and with increasing the oxygen disordering [19] . Sano et al. studied the effect of the substitution of Sm for Ba in Sm 1+x Ba 2-x Cu 3 O 7+δ sintered samples (0 ≤ x ≤ 2) [4] . They reported the maximum value of the critical temperature of 94 K for x = 0.02 and a much lower value than observed by us, specifically, about 80 K for x = 0.1. This difference may be ascribed to different processing conditions. We can see that ∆T c of the Ba-rich B samples changes only slightly, while the A samples show the tendency of increasing ∆T c with increasing x. We think that local structure disordering effects start to dominate at higher composition deviations of x of A samples as a result of the Sm substitution for Ba. It is in accordance with the model Fig.4 . ∆T c vs. x of the A and B samples.
proposed by Kramer et al. [20, 21] , according to which the increase of the Sm content of x results in an increase of the total oxygen content and a decrease in the hole concentration in Cu-O 2 planes by donate electrons of the substitution. Sm 3+ entering Ba 2+ sites leads to a non-fourfold planar coordinated Cu on the chain sites either by the introduction of extra oxygen or oxygen reordering, relocation of oxygen from chain O(1) to the O(5) vacancy site. In the last case, the length of Cu-O(1) chains decreases. The dependence of the critical temperature on the length of the Cu-O(1) chains and processing temperature is well known [22] [23] [24] . These effects together determine the superconducting properties of A samples, e.g. T c , ∆T c , and their degradation for higher x.
Hysteresis curves of M vs. H a for A and B samples are shown in Fig.5 and 6 , respectively. All samples show the Z-shaped magnetization curves typical for polycrystalline samples. We can see that magnetization, M, of A samples decreases with x more rapidly than that of the B samples. Comparison of the maximum value of magnetization, M max , corresponding to the so-called low field (central) peak of A and B series samples for different x is in Fig.7 . We also found that light Sm excess doping has a positive effect on the superconducting characteristics reflecting intergrain junction properties. We prepared also the C series of the Sm 1+x Ba 2 Cu 3 O 7+ δ samples using the same processing conditions as in the case of A and B series. The dependences of their T c and H p1 on x are in Fig.8 and 9 , respectively. The Sm excess values of x = 0.02-0.03 well optimize T c , ∆T c , H p1 as well as M of the C samples. M vs. H a magnetization hysteresis loops of the stoichiometry sample and non-stoichiometry A and B samples with x = 0.04 are compared in Fig.10 . As expected, the Ba overdoping, (Sm 0.96 Ba 2.04 Cu 3 O 7+δ sample) as opposed to underdoping, has a positive effect on superconductivity and magnitude of magnetization, especially at higher doping levels. However, as it is evident from the figure, the Sm overdoped sample with composition deviation x = 0.04 shows the largest width of the magnetization hysteresis, ∆M, from all the studied samples at higher values of magnetic applied field, H a . We ascribe this to an increase of the flux pinning in the A sample with x = 0.04. We hope that in the A samples, non-stoichiometry, x, supports composition fluctuations (like nanoclusters in grains) and magnetic flux pinning is increased. On the other hand, the entering of Sm into Ba sites results in a certain degradation of the sample superconductivity, e.g. T c , ∆T c mainly at higher substitution levels. These two effects compete with each other. Our results show that the use of light non-stoichiometric precursors, e.g. Sm 1.04 Ba 1.96 Cu 3 O 7+δ composition, could be useful in increasing of ∆M and therefore j c in Sm-Ba-Cu-O systems, since the width of the hysteresis of magnetization loops, ∆M, indicates j c . We note that similar results were reported for non-stoichiometric thin films, too. For example, Sudoh et al. obtained high quality c-axis SBCO thin films from off-stoichiometric targets (x = 0.04-0.12) with the highest T c of 92.1 K from the target with x = 0.08, [25] . Miyachi et al. [26] Of course, our results have to be verified on mono-domain or single crystal samples. We are currently working on it. However, please note that our studied samples were prepared at ~1060 °C and that the volume density of all A and B samples ranges from 6.45 to 6.73 g cm -3 .
CONCLUSION
We studied light non-stoichiometry effects in Sm-Ba-Cu-O sintered samples. 
